Background. Jumping to Conclusions (JTC), which is the proneness to require less information before forming beliefs or making a decision, has been related to formation and maintenance of delusions. Using data from the GAP case-control study of first-episode psychosis (FEP), we set out to test whether the presence of JTC would predict poor clinical outcome at 4 years.
INTRODUCTION 1
Psychosis especially schizophrenia may be a disabling condition and classically is associated 2 with poor clinical outcome. Nonetheless, recent findings confirm that prognosis is not 3 universally poor and that the course need not be one of inexorable decline (Hopper et al., 4 2007; Morgan et al., 2014; Revier et al., 2015) . Interest has therefore shifted towards 5
identifying predictors of outcome for treatment planning in order to ameliorate the adverse 6 impact of the illness (White et al., 2009; Juola et al., 2013; Friis et al., 2016) . 2016) summarized evidence that people with psychosis make decisions on the basis of little 20 evidence, have a more extreme reasoning style than people with other mental health 21 conditions or healthy controls and that JTC is linked with a higher probability of having 22
delusions. Moreover, there is evidence that such hasty reasoning is predictive of less 23 improvement over time in delusions (So et al., 2014) . conscious appraisal processes which are crucial in contributing to the perception of anomalous 26 experiences as personally significant and externally caused when the subject is in search for 27 an explanation (Garety et al., 2001) . Garety and Freeman (1999) found empirical support for 28 JTC, externalizing attributional biases and deficits in understanding social situations and the 29 intentions of others, to be specific biases in these processes (Garety and Freeman, 1999) . 30
Interestingly, these biases and deficits, which are considered to be part of social cognition, are 31 also included in similar constructs as metacognition (Lysaker et al., 2005 (Lysaker et al., , 2013 results did not support a predictor role of the bias, although this may have been because of 47 the length of follow-up was only 6 months and the sample was small. We decided to examine 48 reasoning bias as a possible predictor of the course and clinical outcome in the medium to 49 long term, using data from a well-characterized sample of patients presenting to psychiatric 50 services for the first time with psychosis. The aim of our study was to examine independent 51 associations between JTC and clinical outcome at 4 years after the first contact with mental 52 health services. For this purpose, we selected remission and several clinical outcomes of 53 service use such as days of admissions, use of the Mental Health Act (MHA) for involuntary 54 treatment and instances of police involvement during an admission to a psychiatric unit. 55
As JTC has been related in several studies to the presence of delusions ( 
Clinical assessments at baseline. 105
Duration of untreated psychosis (DUP) was defined as the difference between the date of the 106 appearance of the first positive psychotic symptom and the date of initiation of treatment with 107 antipsychotics, in weeks (Norman and Malla, 2001) . 108
The baseline diagnoses were made from interviews and mental health records utilizing the 109
Operational Criteria Checklist (McGuffin et al., 1991) and were grouped using ICD-10 into: 110 affective psychosis group (patients diagnosed with codes F30-33) or schizophrenia-spectrum 111 disorders group (ICD-10 codes F20-29) (Trotta et al., 2016) . For those who did not meet 112 criteria based on ICD-10 we extracted the diagnosis from the same OPCRIT assessment 113 based on DSM-IV, grouping them into: affective psychosis (patients diagnosed with bipolar 114 disorder, manic episode with psychosis or major depression with psychotic features -codes 115 296-296.9-) or schizophrenia-spectrum disorder (for schizophrenia, schizoaffective disorder, 116 delusional disorder and psychotic disorder NOS -codes 295.1-295.9 and 297.1-298.9-). 117 ratios (e.g., in one of them the proportion was 85 black versus 15 orange and in the other the 137 ratio was reversed). Beads are then drawn from one of the two jars (randomly chosen by the 138 computer), one at a time. After each draw the participants can either make a guess about 139 which jar the beads come from or request a new bead. Participants will only have a single trial 140
Symptomatology at baseline was rated on the
in which they can ask as many beads as they need to make their final decision. The two main 141 variables classically extracted from the "Beads Task" are: a continuous variable defined as the 142 numbers of draws before making a decision, so-called "draws to decision" (DTD); and a 143 dichotomous variable (JTC/no JTC), in which JTC bias has been operationally defined as 144 reaching a decision after fewer than three beads (Garety et al., 2005) .
In this study, dichotomous rating was preferred since the distribution of the DTD variable is 147 not normal, the colour of each drawn and the sequence could influence the next decision; and 148
there is better fit with clinical validity of the dichotomous approach, as we are mainly interested 149
in identifying the extreme responders from the rest. Moreover, the use of dichotomous scoring 150 seems to be superior in predicting change in delusion conviction (So et al., 2012) . 151
Consequently, and based on previously published papers using different types of Beads 152
Tasks, we considered a hasty decision on any of the two versions of the task, to be evidence 
Data at follow up 170
At follow-up, extensive information was extracted across clinical and social domains, and 171 patterns of care, from electronic psychiatric clinical records using the WHO Life Chart 172
Schedule (LCS) extended version (Sartorius et al., 1996) . from clinical records. This measure of remission was neither dependent on absence of non-178 psychotic symptoms (e.g. depressed mood, neurotic manifestations), nor on whether patients 179
were receiving treatment with antipsychotic medications during remission. 180
Service use 181
Utilising the LCS extended version (Sartorius et al., 1996) re-admission, we calculated the total length of inpatient stays in psychiatric wards during the 191 entire follow up period. 192
Analyses 193
All analyses were conducted in STATA release 14 (STATACorp, 2015) . regression for the not normally distributed count dependent variable "days of hospitalization" 216
as it was over dispersed; and logistic regression analyses for the binary variables (clinical 217 remission, MHA intervention and police intervention). These regressions were calculated both 218 unadjusted and adjusted for age, gender, ethnicity, IQ, symptom dimensions and functional 219 level measured by GAF. In the regression model for predicting days of admission, we 220 performed further adjustment of the model including the dichotomy variables of MHA and 221 police intervention, as they both could be confounders for longer admission. 222
RESULTS 223
Follow-up was successfully completed for 82.9% (n=102) of baseline patients, with a total of 224 17.1% lost (n=21). Of those 21, 2 (1.6%) had died, 6 (4.9%) had emigrated, 4 (3.3%) were 225 excluded as we did not have available information on follow-up and in 9 (7.3%) the attempt 226
at contact was unsuccessful. When comparing baseline sociodemographic characteristics of 227 those subjects lost at follow-up with those included, we did not find any significant difference 228 in age, gender, educational level, ethnicity nor diagnosis (please refer to the Supplementary 229 Table 2 ). Nonetheless we found significant differences in baseline symptomatology, with 230 more severe symptoms in the lost subjects compared with those who completed follow-up 231
(positive subscale of PANSS 16.6 vs 13.52 respectively; t(113)=.21, p=0.03; GAF symptom 232 subscale 42.22 vs 52.8 respectively, t(105)=2.11, p=0.04). Hence, it is not possible to reject 233 the possibility of attrition bias. 234
Patient characteristics at baseline 235
Sociodemographic and clinical information of the baseline sample is shown in Table 2a shows the comparison of baseline sociodemographic and clinical characteristics 242
between patients with and without JTC bias (JTC/no JTC groups). We found no statistically 243 significant differences in age, gender, DUP, follow-up time, ethnicity or educational level. In 244 terms of lifetime substance use, there was no statistically significant differences regarding 245 consumption of cannabis by JTC. As far as social functioning is concerned, no difference was 246 found in employment or marital status according to JTC, but there was a significant difference 247 in living arrangements, with a higher proportion of non-independent living in those presenting 248 the bias (46.8% vs 27.1%; X 2 (1)= 5, p=0.03). 249
[insert Table 2a here] 250
The baseline clinical status characteristics are presented in 
Clinical presentation over the follow up period 259
The comparison of clinical outcome domains during follow-up is presented in Table 3 . Fifty-260 eight percent (n=29 of 50) of the individuals with the bias and 64% (n=31 of 48) of those 261 without JTC achieved remission criteria in the long-term; this difference was not statistically 262 significant (χ 2 =0.45, df=1, p=0.5). 263
Service use over the follow up period 264
The comparison of service use variables during follow-up are also presented in Table 3 . 265
In the follow-up period, on average, patients presenting JTC had more inpatient days 266 (median=56, IQR=20-158), than those without the bias (median=15.5, IQR=0-93.5; U=-2.08, 267 p=0.04). A higher proportion of patients with the JTC bias (N=27, 65.8%) were detained under 268 the MHA than those without JTC (N=13, 37.1%; X 2 (1)= 6.24 ; p= 0.01) The percentage subject 269
to police involvement in compulsory admission during follow-up show a tendency to be higher 270
in 
Predicting effects of JTC on long-term clinical outcome. 274
Predictors effects of JTC on long-term clinical outcome are presented in Table 4 . 275
Regression analyses showed that the presence of JTC predicted more inpatient days Additionally, all the OR with 95% confidence intervals and p values for all covariates of four 285 full regression models are presented in the Supplementary material (Supplementary Table  286 3). 287
DISCUSSION 288
The presence of JTC at baseline was associated with subsequent greater risk of compulsory 289 admissions under the MHA and higher risk of police intervention at follow up, confirming our 290
preliminary hypothesis. Why that should be is as yet unclear. One possible explanation is that 291
JTC is related to behaviours such as impulsivity, beyond general cognitive and executive 292 impairments, although evidence for this association has not been demonstrated conclusively claiming to look at this association have not employed a specific measure of impulsivity. 295
Another possible explanation for our findings could be a relationship between data-gathering 296 bias and risk of aggressive behaviour or violence. The link between schizophrenia and 297 violence has been previously studied (Fazel et al., 2009 ), but it has been challenging to identify 298 the processes underlying this association. Despite discrepancies in the literature, 299 neurocognition seems to be one of the core risk factors for violence, mediated by several 300 proximal and more direct risk factors (O'Reilly et al., 2015) . In addition, it has been shown that 301 positive psychotic symptoms, including persecutory ideation, increase the risk of minor and 302 serious violence (Swanson et al., 2006) . Given the relationship between JTC and the 303 proneness and maintenance of delusion ideation, this could also explain part of the association 304 of JTC and the higher need for police and MHA interventions in the moment of admission. 305
One mediating factor may be insight. Preliminary work on this cohort showed that JTC bias 306
and cognition were each associated with poorer recognition of illness (Wiffen et al., 2010) . 307
Furthermore, the relationship between JTC and insight has been explored in schizophrenia 308 patients in forensic settings and it was found a direct correlation between the information 309 patients consider in making decisions and their clinical insight (Kuokkanen et al., 2016) . Given 310 that poor clinical insight was found to be a risk factor for violence, and following the same 311 rationale (Alia- Klein et al., 2007) , lack of insight could be a possible additional explanation for 312
the need of police intervention in those presenting hasty-decision style; and indeed poor 313
insight is strongly associated with involuntary treatment in hospital (David et al., 1992) . Thus, 314
insight could have had an impact in the association between JTC and the intervention of police 315
and MHA, so further studies focusing on the relationship between JTC and insight should be 316 encouraged. Nonetheless, the interpretation of the need for police intervention as a proxy for 317 social or behavioural disruption should be cautious. Previous work from the same area found 318 that the higher police involvement at time of admission in the African Caribbean group was 319 explained by the greater likelihood of such families to seek help from police themselves in 320 these situations than White British families (Morgan et al., 2005b) . 321
The other effect predicted by JTC was number of days of hospitalization. This outcome is one 322
of the most employed markers of service use in order to study the clinical course of psychosis conclusions may be a useful addition in early psychosis intervention programs. 361
Limitations and Strengths 362
Among the main limitations in our study are the lack of inclusion of more neurocognitive 363
measures and the small sample size, which limited the inclusion of more confounders in the 364 regression models. Nonetheless, a general IQ measure was used as confounder. Another 365
limitation is the lack of information regarding co-morbid diagnosis at baseline and follow-up 366 that may have had an impact in clinical outcome. A potential methodological limitation is the 367 information bias arising from loss and missing data at follow-up. Although we completed follow-368 up for 82.9% of patients, we found statistically significant differences in symptomatology 369 between those who completed the follow-up and those who were lost. Specifically, those lost 370 participants had higher scores in the subscale of positive symptoms of PANSS. Our findings 371 may therefore not be generalizable to the more severely affected patients. Lastly, it should be 372 noted that by only performing one trial per version, as widely used in JTC beads tasks, may 373 allow results to be affected by miscomprehension (Balzan et al., 2012), with a tendency to 374 overestimate the presence of JTC. 375
On the other hand, one of the strengths of our study is the inclusion in the regression analyses 376 of ethnicity and other important socio-demographic confounders. It has been shown in 377 previous works with a sample from the same area that there exists a higher risk of compulsory 378 admission and longer admission among African-Caribbean and Black African patients compulsory admission remained in our study after adjusting by ethnicity. 381
Conclusions 382
JTC is a data-gathering bias that has been consistently proved to be associated to psychotic 383 patients. Our study found that its presence at FEP is associated with worse clinical outcome, 384
reflected by more days of admissions, greater need for compulsory hospitalization and police 385
intervention. This raises the question of whether more efforts should be devoted to developing 386 and applying therapies focusing on JTC as possible target. 387
